A study of inflorescence and flower development in 12 species from four of the six subgenera of Gunnera (Gunneraceae) was carried out. In the species of subgenus Panke, initiation of floral apices along the partial inflorescences is acropetal but ends up in the late formation of a terminal flower, forming a cyme at maturity. The terminal flower is the largest and the most complete in terms of merosity and number of whorls and thus it is the most diagnostic in terms of species-level taxonomy. The lateral flowers undergo a basipetal gradient of organ reduction along the inflorescence, ranging from bisexual flowers (towards the distal region) to functionally (i.e. with staminodia) and structurally female flowers (towards the proximal region). Our results show that the terminal structure in Gunnera is a flower rather than a pseudanthium. The terminal flower is disymmetric, dimerous and bisexual, representing the common bauplan for Gunnera flowers. It has a differentiated perianth with two sepals and two alternate petals, the latter opposite the stamens and carpels. Comparisons with other members of the core eudicots with labile floral construction are addressed. We propose vegetative and floral putative synapomorphies for the sister-group relationship between Gunneraceae and Myrothamnaceae.
INTRODUCTION
With approximately 55 species, Gunnera L. is the only genus of Gunneraceae. The isolated placement of Gunnera as one of the early divergent eudicot lineages became evident in the phylogenetic analyses based on rbcL (e.g. Chase et al., 1993) . Later, a sister-group relationship between Gunneraceae and Myrothamnto dry conditions. Since then, this close relationship has been confirmed by a number of studies based on molecular and combined molecular and morphological data sets (Nandi, Chase & Endress, 1998; Qiu et al., 1998; Hoot, Magallón & Crane, 1999; Savolainen et al., 2000; Soltis et al., 2000) . The order Gunnerales (originally proposed as monofamilial by Takhtajan, 1997) was recircumscribed to include these two families (APG II, 2003) and is currently considered as sister to the other core eudicots (Soltis et al., 2003) . An alternative sister-group relationship between Gunneraceae and Saxifragaceae (initially suggested by Huber, 1963) was proposed by Fuller & Hickey (2005) after a phylogenetic analysis based on leaf architecture. This hypothesis is not considered here because most of the current evidence does not support such a relationship; according to the APG II (2003) Saxifragales are sister to rosids.
Six subgenera have been recognized within Gunnera: Gunnera [= Perpensum (Burm.f.) Schindl.], Ostenigunnera Mattf. and Pseudogunnera (Oerst.) Schindl., which are monospecific, and Milligania (Hook.f.) Schindl., Misandra (Comm.) Schindl. and Panke (Molina) Schindl., which have been recognized as monophyletic (Wanntorp, Wanntorp & Källersjö, 2002) . Panke, with nearly 45 species distributed in Mexico, Central and South America and Hawaii, is by far the most diversified subgenus. Two alternative topologies have been suggested for the subgeneric relationships, one proposed by Wanntorp et al. (2002) (Ostenigunnera (Gunnera (Milligania + Pseudogunnera) (Misandra + Panke))) and the other by Fuller & Hickey (2005) {Ostenigunnera (Milligania + Misandra) [Gunnera (Pseudogunnera + Panke)]}.
Comparisons of morphological characters among Gunneraceae and Myrothamnaceae have been performed (Drinnan et al., 1994; Wilkinson, 2000; Soltis et al., 2005; Wanntorp & Ronse De Craene, 2005; Ronse De Craene & Wanntorp, 2006) and most of the apparent differences between them have been attributed to the mesic (Gunneraceae) vs. xeric (Myrothamnaceae) habitats they occupy. In the light of the sister-group relationship between Gunnerales and the core eudicots, a re-examination of floral morphology in this order is critical in addressing evolution of floral characters in core eudicots (Wanntorp & Ronse De Craene, 2005; Ronse De Craene & Wanntorp, 2006) . In a detailed study of floral morphology of 16 species of Gunnera representing all six subgenera, Ronse De Craene & Wanntorp (2006) stated that the basic bauplan of Gunnera flowers is formed by two sepals which are alternate to two petals that, in turn, are opposite two stamens and two styles that crown an inferior, unilocular gynoecium. Departing from such a bauplan, these authors found several parallel evolutionary patterns that involve either abortion or lack of initiation of sepals, petals, stamens and (less often) carpels.
The detailed investigations on floral morphology in Gunneraceae carried out by Wanntorp & Ronse De Craene (2005) and Ronse De Craene & Wanntorp (2006) contrast to the few studies on floral morphology in Myrothamnaceae, mainly by Drinnan et al. (1994) , Mendes (1981) and especially Jäger-Zürn (1966) , Puff (1978) , Endress (1989b) and Endress & Igersheim (1999) . In summary, these authors report that inflorescences of Myrothamnus end up in a terminal flower and that (probably) tetramerous flowers are unisexual, lack rudiments of the missing gender, bear (3)4, 5(-8) stamens that are alternate to tepals and female flowers have one or more pairs of opposite, decussate tepals (bracts?) regularly present in terminal flowers. To our knowledge, studies on floral ontogeny of Myrothamnus have not been performed.
A detailed study of the intra-individual floral variation in the highly diversified subgenus Panke has remained largely overlooked, despite the fact that such variation has been mentioned since Darwin's times (cf. letter by Fritz Müller addressed to Darwin in 1875; see above and Fig. 1) . Thus, the aims of this research are to study the ontogenetic pathways that lead to floral variation within individual inflorescences of species of Gunnera subgenus Panke, to examine the phylogenetic and taxonomic significance of such pathways, to use these results for further discussing flower evolution in the entire genus, to compare floral development and morphology among early divergent eudicots and to search for putative morphological and anatomical characters that support the sister-group relationship between Gunneraceae and Myrothamnaceae.
MATERIAL AND METHODS
Twelve species of Gunnera from four subgenera were collected and examined (Table 1 ; vouchers deposited in the Colombian National Herbarium, COL). Young inflorescences were fixed in 70% ethanol and dissected in 90% ethanol under a Leica MZ® 7.5 stereomicroscope. Then, they were dehydrated in a series of 70-100% ethanol, critical point-dried using a Samdri 790 CPD (Rockville, MD, USA), coated with gold and palladium using a Hummer 6.2 (Anatech, Springfield, VA, USA) sputter coater and examined and photographed using a Quanta 200 FEI scanning electron microscope. For light microscopy, floral buds and open flowers were prepared by dehydration with ethanol and Histochoice®, embedded in paraplast and sectioned at 12 mm with a rotary American Optical microtome. Slides were stained with safranin and fast-green, mounted in resin and examined and photographed using a Reichert Monocular Microscope
with a Sony Cyber-shot DSC-W200 digital camera. Information for Myrothamnaceae was taken mainly from Jäger-Zürn (1966) , Carlquist (1976 Carlquist ( , 1990 , Endress (1977 Endress ( , 1989a , Puff (1978) , Mendes (1981) , Dahlgren & van Wyk (1988) , Dickison (1989) , Hufford & Crane (1989) , Wolfe (1989) , Cronquist (1992) , Kubitzki (1993) , Drinnan et al. (1994) , Takhtajan (1997) and Nandi et al. (1998) .
RESULTS

MORPHOLOGY AND DEVELOPMENT OF INFLORESCENCES AND FLOWERS OF SOUTH AMERICAN SPECIES OF SUBGENUS PANKE
All the species of this subgenus examined are medium to giant herbs, with lateral, many-flowered inflorescences between 180 cm (in G. magnifica H.St.John; Fig. 2A , B) and 30 cm in length (in G. pilosa Kunth; Fig. 2C -E). Each inflorescence has only one order of branching in all the species (Fig. 2B-E) ; the partial inflorescences are subtended by bracts (Fig. 2B , C, F) that are irregular in shape, usually papery, with a single, thick mid-vein and laciniate margins. There are up to 150 partial inflorescences on each inflorescence (e.g. G. magnifica, Fig. 2B ). Each partial inflorescence can support numerous flowers (up to 100 in G. magnifica, Fig. 2F ). The flowers lack a subtending bract and are sessile or shortly pedicellate. The initiation of floral apices along each partial inflorescence is acropetal in all the examined species; the proximal floral apices are initiated before the distal floral apices become apparent . Shortly after organ differentiation in the proximal floral apices, the partial inflorescence develops a terminal flower which undergoes rapid growth and becomes larger than the lateral ones (Figs 3G-I, L, 5A-C, F, 6D-F). In all the species of subgenus Panke examined, the flowers develop basipetally along each partial inflorescence. The terminal and some of the subterminal flowers reach complete development fully. The terminal flower adopts an upright position, is the largest within the partial inflorescence and is clearly disymmetric (Figs 3G-I, L, 4A-C, 5A-C, F-H). In all the species of subgenus Panke studied here, the subterminal, mid-level and proximal flowers are underdeveloped and go through a gradual reduction of perianth and stamens, in a basipetal direction (Figs 3H-M, 4E-L, 5B, C, F, J-R, 6E, 8) as follows: (1) the subterminal flowers develop two equal sepals, two unequal petals, two equal stamens (Figs 3I, L, 4F, 5G) and two equal carpels (not yet apparent in most of Figs 3-6). Below this level, the flowers have (2) two equal sepals, two unequal petals, two unequal stamens (Figs 3I, J, 4E, 5J) and two equal carpels; (3) two unequal sepals, one to two unequal petals, one to two stamens (Figs 4F, 5K) and two equal carpels; (4) two equal sepals, two equal stamens (Fig. 5L ) and two equal carpels; (5) two equal sepals, two unequal stamens or staminodes (Fig. 4I ) and two equal carpels; (6) two equal to unequal sepals, one stamen or staminode (Fig. 4J , K) and two equal carpels; and (7) two equal sepals, no stamens ( Fig. 5O , P) and two equal carpels. Proximal flowers possess two equal to unequal sepals, no stamens ( Figs 4L, 5N , Q, R) and two slightly unequal carpels (detected by a different size of the styles; Fig. 5N , Q). Occasional terata with three sepals, one petal-like primordium and more than two stamens were observed in young flowers located aproximately halfway up the partial inflorescence (Fig. 5D) . Each flower develops from a circular floral apex 5A, 6C, D, F) . By the time of initiation of the sepals, the floral apex adopts a rhomboidal shape; sepal primordia are opposite each other; they are in a transverse or nearly transverse position ( Figs 3G-M , 5B, C, 6E, F), although adjacent flowers can also have sepals in median or nearly median position (Fig. 3G,  J) . Soon the floral apex becomes concave and two large common primordia are initiated alternating with the growing sepals. Each common primordium differentiates into an outer petal and an inner stamen (Figs 3G-L, 5B, C, E, 6E, F). The four members of the perianth (i.e. two sepals and two petals) occupy the edges of the floral receptacle. The two carpel primordia appear last, opposite the petals and the stamens (Figs 3L, M, 4B, C, 5M, 6E). Mature sepals are variable in shape but are easily recognized by the presence of long finger-like marginal colleters and by the massive laminar hydathode located on the adaxial portion at its base (Figs 4C, F, K, L, 5J-L, O-R). The hydathodes can be recognized by their thickness and the presence of numerous stomata or water pores (Figs 4C, E-I, K, 5N-R, 7B-I). The hydathodes possess typical water pores, the ends of one or several small veins and the epithem (a group of loose parenchymatic cells located between the veins and the water pores; Fig. 7B -I for G. pilosa; sections of the remaining species not shown). They were observed in all the species of subgenus Panke examined here. Each sepal is supplied by a single vascular bundle which is poorly developed, most of it deviating towards the epithem (Fig. 7B-E, G, I ). The distal portion of the sepal dries and drops off early, before pollen release, through an abscission zone located immediately above the hydathode (Fig. 7B) .
Fully developed petals are massive, cucullate and completely cover the young stamens (Figs 4A-D, 5F-J). The petals have stomata on the abaxial surface (Fig. 7K ), but fewer and structurally different from those found in the hydathodes of the sepals. Each petal is supplied by a single, poorly developed vascular bundle (Fig. 7A, J) . By the time of pollen release, the E, flower with two sepals, two aborted petals and two stamens. F, flower with two sepals, one reduced petal and two stamens. G, flower with two sepals, one aborted petal and one stamen. H, flower with two unequal sepals and two unequal stamens. I-L, proximal flowers. I, flower with two sepals, two unequal stamens and two carpels. J, flower with two sepals, two vestigial petals, one developed and one aborted stamen and two carpels. K, flower with two sepals, one vestigial stamen and two carpels. L, flower only with two unequal sepals and two carpels. c, carpel; p, petal; s, sepal; st, stamen. Scale bars: A-H, K-L, 100 mm; I-J, 20 mm. petals become papery or coriaceous and fall off completely through a basal abscission zone (Fig. 4A-D) . Petals often have few finger-like projections (colleters) on the margins or the apex, which can be intermingled with uniseriate trichomes (Figs 4C, D, J) .
Floral maturation proceeds basipetally. In an individual partial inflorescence, young fruits can be found towards the top, flowers releasing pollen towards the distal and mid-level portion and female flowers with receptive stigmata towards the base (Fig. 2F) . The floral construction and the lability of mature sepals and petals make it difficult to define anthesis in flowers of Gunnera. Before pollen release, the sepals and (when present) the petals are tighly appressed against the young stamen(s) or styles. By the time of pollen release, the filament undergoes further elongation and the latrorse anthers (Figs 5F, G, I-M, 7A-J) become red or yellow at maturity (Fig. 2D-F) . In Gunnera pilosa uniseriate trichomes are found scattered on the apex of the thecae and the two styles are completely covered by large stigmatic papillae. The pollen tube transmitting tissue is not differentiated (Fig. 7C, F (Fig. 6J) ; these flowers lack a subtending bract and are loosely scattered along a slender axis. The female flowers consist of two sepals that alternate with two large, bright red styles and are densely arranged in inflorescences up to 6 cm long (Fig. 2H) ; the most distal flowers of each inflorescence are solitary, whereas the most basal flowers are crowded in second-and third-order branches formed by a terminal flower and 2-4 lateral flowers each; these short branches are subtended by small triangular bracts. As in subgenus Panke, each sepal is clearly differentiated into an adaxially swollen base and a deciduous apex that becomes scarious and falls off at an early stage. Vestigial primordia are often found in the position of the petal or the stamen (see Ronse De Craene & Wanntorp, 2006: fig. 35 ). Few flowers per inflorescence become fruits (randomly). These are drupaceous and bright red when ripe (Fig. 2I) .
Gunnera macrophylla Blume (subgenus Pseudogunnera) is a stoloniferous herb. It has terminal, spike-like inflorescences with flowers developing acropetally (not shown). The distal flowers are bisexual and have well-differentiated sepals and petals ( Fig. 6G ). Mature sepals develop stomata. Petals are larger than the sepals, possess a dense indumentum of uniseriate trichomes and a laminar hydathode located near the apex (Fig. 6H ), similar to that found on the base of the sepals in subgenus Panke ( Fig. 4A -C, E-L). The proximal flowers lack petals and stamens. Mature petals fall off via a basal abscission zone (Fig. 6H ).
DISCUSSION IS THE TERMINAL FLOWER IN GUNNERA A TFLS?
Sokoloff, Rudall & Remizowa (2006) discussed the occurrence of atypical terminal flower-like structures (TFLS, equivalent to terminal peloria or terminal pseudanthia) in inflorescences that are otherwise indeterminate. These authors documented spontaneous TFLS in perianthless members of Piperales (see also Rohweder & Treu-Koene, 1971; Yamazaki, 1978; Tucker, 1981; Remizowa, Rudall & Sokoloff, 2005) and in some monocots, e. g. Acorus L. (Buzgo & Endress, 2000) . Our observations raise the question of whether each individual terminal flower in Gunneraceae, and especially in members of Gunnera subgenus Panke (Figs 3G-I, L, 4A-C, 5A-C, F-H, 6E, F), is equivalent to a TFLS or a single flower.
Different symmetry of the TFLS with respect to the lateral flowers is suggested as a criterion to identify TFLSs (Sokoloff et al., 2006) . In the examples reported by these authors, there are no flowers with transitional symmetry between the terminal and the lateral flowers. This is also apparent outside magnoliids and monocots, where (teratic) terminal flowers can be polysymmetric in an inflorescence with lateral monosymmetric flowers (e.g. in Impatiens; Ordidge et al., 2005; Chiurugwi et al., 2007) . There is no such abrupt switch in floral symmetry in Gunneraceae that could suggest that the terminal flower found in most members of the family is a TFLS (Fig. 8) . On the contrary, in the examined species of Gunnera subgenus Panke all stages of reduction along a partial inflorescence were found, in a gradient that ranges from the disymmetric, terminal flower (Figs 3G, L, 4A-C, 5A-C, 7A) to the monosymmetric proximal flowers (Figs 4G-L, 5J, Q, R).
Differences in floral merosity between a TFLS and the lateral flowers were used as an additional criterion to identify such terminal structures (Sokoloff et al., 2006) . In basal eudicots, these differences occur in, for example, Berberis L. Endress, 1986) . In Trochodendron, the terminal structure is more complex than lateral flowers; such a terminal structure is initiated from a radially symmetrical primordium and has more stamens and carpels than the lateral flowers, which develop from zygomorphic primordia and become radially symmetric at anthesis (Endress, 1986) . The construction of the terminal flower in Gunnera subgenus Panke is highly conserved, in contrast to the structural lability of the TFLS reported by Sokoloff et al. (2006) . Furthermore, both the terminal and the lateral flowers develop from a radially symmetrical primordium in Gunnera subgenus Panke and the structural changes observed between the terminal, bisexual flower with two pairs of perianth organs (Fig. 4A-D) and the female flowers with a single perianth organ (Fig. 4K , L) are also gradual along the inflorescence.
The presence of a bisexual, terminal structure surrounded by strictly or predominantly unisexual flowers was also mentioned by Sokoloff et al. (2006) as evidence to identify a TFLS. Apparently, this statement would be in favour of considering the bisexual terminal structure of partial inflorescences of Gunnera subgenus Panke as a TFLS. However, our observations indicate that the terminal flower in partial inflorescences is not the only bisexual flower in an individual partial inflorescence; most subterminal and mid-level flowers are also bisexual and the transition between bisexual and female (with and without reduced stamens or staminodes) flowers can be followed step-by-step basipetally ( Figs 3H-M, 4 , 5B-C, F-R, 6E).
According to Sokoloff et al. (2006) , loss of floral identity occurs in a TFLS. This does not seem to be the case in the species of Gunnera subgenus Panke. However, it could be the case in G. herteri Osten, the single species of subgenus Ostenigunnera, which is sister to the rest of subgenera. In this species, floral individuality in the terminal, male flower(s) appears to have been lost; there is no clear evidence whether each stamen in this species belongs to a single flower (cf. Osten, 1932; Mattfeld, 1933) or to a single 2-7 staminate flower (Rutishauser, Wanntorp & Pfeifer, 2004) . Lability in the number and organization of stamens in G. herteri could be related to the lack of subtending bracts and perianth and to the fact that stamens are densely arranged on the terminal portion of the inflorescence. Similar variation in the number of stamens occurs in flowers of the sister family Myrothamnaceae. Sokoloff et al. (2006) also mentioned that TFLS in, for example, Potamogeton Walter might be the result of a spatial constraint of the apical meristem as a result of shortening of the inflorescence. These details should also be taken into account in Gunnera, as the partial inflorescences become shorter towards the distal part of the inflorescence (Fig. 2B-E, H) . However, our observations show that all (short, mid-length and long) partial inflorescences end up in a structurally conserved terminal flower. Therefore, such a terminal flower in Gunnera is not dependent on the length or spatial constraints within a partial inflorescence.
Occasional floral terata in Gunnera, always detected in lateral flowers, are scattered towards the distal third or the mid-level of the partial inflorescence (e.g. G. brephogea Linden & André and G. pilosa; Fig. 5C , D). These terata appear to be the result of a congenital fusion of two adjacent floral primordia displaying superposition, which results in trimerous to pentamerous terata-like structures (Fig. 5C, D) . Terata were not observed to affect terminal flowers in Gunnera, despite the close contact they have with subterminal floral primordia immediately below (Figs 3L, 6E, F) . Taking all these criteria into account, we recognize the terminal structure of each partial inflorescence in Gunnera as a single flower, which, in turn, is the largest and the most complete in terms of merosity and presence of all floral whorls.
GRADUAL EXPRESSION OF SEXUALITY IN GUNNERA
Fritz Müller (in his letter to Darwin, 1875; see above and Fig. 1 ) stated that the terminal bisexual flower in the inflorescence of Gunnera manicata Linden ex Delchevalerie (subgenus Panke) represents the primitive floral condition for Gunnera, from which less complete floral constructions arise by reduction. A similar conclusion is presented by Ronse De Craene & Wanntorp (2006) . We agree with Müller's statement and with Wanntorp & Ronse De Craene (2005) and Ronse De Craene & Wanntorp (2006) in that the basic floral bauplan in Gunneraceae is disymmetric and dimerous, with two opposite sepals alternating with two opposite petals, which are in turn opposite two stamens and two carpels (e.g. Figs 3L , 4A-C, 8 upper row; Table 2 ). However, it should be mentioned that the earliest divergent lineage within Gunneraceae (G. herteri) possesses unisexual flowers, which is probably an autapomorphy for this species (Ronse De Craene & Wanntorp, 2006) .
Bisexual flowers appear to be the basic condition in Gunnera and the evolution of floral unisexuality in the genus seems to have occurred by abortion followed by lack of initiation of stamens; such an evolutionary sequence is recapitulated in the floral development along inflorescences in subgenus Panke. Abortion and lack of initiation have been shown to co-occur in other families, such as Fabaceae (Tucker, 1988) . Two types of unisexual flowers have long been recognized (Darwin, 1877; Mitchell & Diggle, 2005) based on the occurrence of abortion (Type I) or lack of initiation (Type II) of one of the reproductive floral whorls. Floral unisexuality in Gunnera subgenus Panke appears to be restricted to the formation of female flowers by incomplete development and further lack of initiation of the androecium. Thus, the basipetal reduction gradient in subgenus Panke can be interpreted as a gradient between bisexual to Type I unisexual flowers (mostly at the mid-level of the inflorescence) to Type II female flowers (mostly at the proximal portion of a partial inflorescence; Fig. 8 ). No evidence of exclusively male flowers exists in this subgenus. In Gunnera, exclusively Type I unisexual flowers (i.e. without traces of the missing gender) are found only in subgenus Ostenigunnera (G. herteri), whereas Type II unisexual flowers (i.e. with traces of the missing gender) are found in members of the remaining subgenera (Ronse De Craene & Wanntorp, 2006) , except in G. magellanica (subgenus Misandra); however, occasional development of bisexual flowers occurs in the latter species (see below). We agree with Ronse De Craene & Wanntorp (2006) , who considered an independent origin of unisexual flowers in G. herteri (leaving no traces of the opposite gender) on the one hand and in subgenus Milligania (leaving traces of the opposite gender) on the other. Type I unisexual flowers in subgenus Milligania could be related to dioecy and/or to formation of exclusively unisexual inflorescences (Table 2 ). An independent origin of unisexual flowers could have occurred in the two species of subgenus Misandra, in which the presence of traces of the opposite gender in unisexual flowers and eventually the presence of bisexual flowers in G. magellanica (Ronse De Craene & Wanntorp, 2006) strongly suggests an ancestral bisexuality in the subgenus. The latter scenario would support the sister-group relationship between subgenera Misandra and Panke proposed by Wanntorp et al. (2002) . The hypothesis of independent origins of unisexual flowers in subgenera Milligania, Misandra and Ostenigunnera would not provide evidence for the sister-group relationship between subgenera Milligania and Misandra as implied by Fuller & Hickey (2005) . Unisexuality is a homoplasious condition in angiosperms and in some plant families (e.g. Poaceae; Kinney, Columbus & Friar, 2008) , so the genetic/hormonal context in each case is probably clade-specific. The evolutionary dynamics (e.g. the genetic, developmental and reproductive system background) of the unisexuality in Gunnera, an early divergent wind-pollinated core eudicot, should be compared with those in selected angiosperms to characterize alternative mechanisms of sex determination in plants.
The region in which a switch from bisexual to female flowers occurs along a partial inflorescence in the species of subgenus Panke is more or less conserved in each species. For instance, in G. insignis Oerst. all or most of the flowers along the partial inflorescence are bisexual (Schindler, 1905; Palkovic, 1978; Fuller & Hickey, 2005) . In other species [such as G. brephogea, G. pilosa or G. saint-johnii (L.E.Mora) L.E.Mora; Fig. 2F ], the bisexual/unisexual switch occurs near the mid-level of the partial inflorescence. This could suggest that the reduction gradient may also be genetically fixed in each species.
FLORAL VARIATION WITHIN THE PARTIAL
INFLORESCENCES OF GUNNERA The intra-individual variation in floral ontogeny of subgenus Panke (Fig. 8) fig. 73 ). The plesiomorphic floral construction in the genus is represented by the terminal, bisexual flower, whereas the derived construction consists of unisexual flowers lacking petals in the female flowers. The partial inflorescences in subgenus Panke seem to summarize such evolutionary tendencies from dimerous, disymmetric flowers with petals at the distal portion of the inflorescence to gradually monomerous, monosymmetric flowers with or without petals at the mid-level, to female flowers lacking petals at the proximal portion of the inflorescence. The switch from disymmetric to monosymmetric Douglas & Tucker, 1996; 4, Drinnan et al., 1994; 5, Endress, 1986; 6, Endress, 1989b; 7, Endress, 1993; 8, Endress & Igersheim, 1999; 9, Hoot et al., 1999; 10, Jäger-Zürn, 1966; 11, Kirk, 1894; 12, Köhler, 2006; 13, Kubitzki, 1993; 14, Kubitzki, 2006; 15, Lowrey & Robinson, 1988; 16, Mattfeld, 1933; 17, Mendes, 1981; 18, Mora-Osejo et al., 2009; 19, Nandi et al., 1998; 20, Nast & Bailey, 1945; 21, Osten, 1932; 22, Puff, 1978; 23, Ronse De Craene, 2004; 24, Ronse De Craene & Wanntorp, 2006; 25, Rutishauser et al., 2004; 26, Schindler, 1904; 27, Schindler, 1905; 28, Smith, 1945; 29, Soltis et al., 2003; 30, Takhtajan, 1997; 31, von Balthazar & Endress, 2002a; 32, von Balthazar & Endress, 2002b; 33, von Along each partial inflorescence in subgenus Panke, the acropetal initiation of the floral apices contrasts with the basipetal development of flowers (i.e. the first flower to complete development is the terminal one, followed by the most distal ones; Figs 3G-I, L, 5B, C) . The first initiated floral apices (the proximal ones) show a reduced set of floral organs in comparison with the terminal flower, which is the most complete flower ( Figs 3J, K, 5K, L, N-R, 8) . Thus, acropetal initiation of floral apices, often associated with indeterminate or polytelic inflorescences, can also occur in determinate or monotelic inflorescences as in Gunnera. In TFLS of Acorus (cf. Buzgo & Endress, 2000) and Piperales (e.g. Houttuynia cordata Thunb.; Rohweder & Treu-Koene, 1971; Yamazaki, 1978; Tucker, 1981 ; Peperomia fraseri C. DC.; Remizowa et al., 2005) , a teratum-like terminal flower, the subterminal flowers and the corresponding bracts are progressively reduced or distorted. Contrary to the observed development in Gunnera, in Peperomia fraseri floral development retains an acropetal direction: the proximal floral apices become bisexual whereas the distal ones develop female flowers (Remizowa et al., 2005) . Our observations in nine species of subgenus Panke strongly suggest that acropetal initiation of floral apices and basipetal development of flowers along each partial inflorescence (Fig. 8 ) are likely to be determined by independent (nonoverlapping) developmental programmes fixed in this subgenus.
An acropetal floral apex initiation also co-occurs with a basipetal floral organ reduction gradient in the inflorescences of Gunnera macrophylla Blume (subgenus Pseudogunnera; F. González, pers. observ.) In this species, the most distal flowers are predominantly bisexual (Fig. 6G) , whereas the proximal flowers are exclusively female (F. González, pers. observ.; see also Ronse De Craene & Wanntorp, 2006) . In G. herteri (subgenus Ostenigunnera; Rutishauser et al., 2004) and G. monoica Raoul (subgenus Milligania; Ronse De Craene & Wanntorp, 2006) , inflorescences are bisexual, but the flowers are predominantly unisexual. The male flowers are located on the distal portion of the inflorescence, whereas the female flowers are on the proximal portion. In the monospecific subgenus Gunnera (G. perpensa L.), a special case occurs, as the partial inflorescences on the distal portion bear only bisexual flowers, whereas the partial inflorescences on the proximal portion bear exclusively female flowers (Lowrey & Robinson, 1988) . It is possible that dioecy in, for example, G. magellanica negatively affects fruit set, as this is lower (Fig. 2I) than the fruit set observed in monoecious species such as those of subgenus Panke (Fig. 2F ). This could be explained by the fact that pollen around the female flowers in dioecious species is less available (Fig. 2I ) than in monoecious species (Fig. 2F) in Gunnera, where anemophily seems to be the only mode of pollination in the genus (cf. Lowrey & Robinson, 1988; Wanntorp & Ronse De Craene, 2005; Wilkinson & Wanntorp, 2007) . Floral traits, such as the petals falling off early leaving the latrorse anthers exposed (Fig. 7A) , continuous elongation of the filament and the large, densely papillate styles (Fig. 7L-M) appear to be related with this type of pollination. According to our observation in the field, the petals of the tiny flowers of Gunnera ( Fig. 2A, C-I ) seem to play a role in anther protection ( Figs 4A-D , 5B, F-K, 7A, J) and in pollen release when they fall off. There is no evidence of biotic pollination occurring in the genus, despite the fact that the entire inflorescence, the petals, the anthers and the styles are brightly coloured at maturity ( Fig. 2A, D-F, H) .
PERIANTH IDENTITY AND THE ASSOCIATION OF THE
COROLLA AND ANDROECIUM IN GUNNERACEAE Complete lack of perianth in Gunnera occurs only in male flowers of G. herteri (subgenus Ostenigunnera) and it is likely to be autapomorphic and related to miniaturization in this species (Rutishauser et al., 2004; Ronse De Craene & Wanntorp, 2006) . Presence of two petals (or petal traces) in members of at least four of the six subgenera (Gunnera, Milligania, Panke and Pseudogunnera) indicates that lack of petals is likely to be the result of an incomplete ontogenic pathway. Flowers with partial or total suppresion of petals and/or stamens have been reported as occasional in Gunnera since Müller's times (see letter above; other reports can be found in Eichler, 1878; Kellermann, 1881; Schwacke, 1890; Berckholtz, 1891; Jonas, 1892; Schnegg, 1902; Schindler, 1904 Schindler, , 1905 . Two equal petals in flowers of subgenus Panke (Figs 3I, L, 4A-C, 5B-C, F-I, 7A) appear to be the basic condition in this subgenus. Our observations corroborate the presence of two petals in at least the terminal and most of the distal flowers of G. manicata and at least 24 related species from South America recognized by Mora-Osejo (1984 , 1995 and Mora-Osejo, Pabón-Mora & González (2009) . Also, the Hawaiian species of Gunnera subgenus Panke (seven according to Saint-John, 1946 ; two according to Wagner & Sohmer, 1990) (Fig. 5B-C, F-J) . Probably, observations by Ronse De Craene & Wanntorp (2006) were in some proximal flowers that lack petals or in flowers in which petals had already fallen off. We did, however, observe that, although no developed petals or staminodes are found in female flowers of G. magellanica, a vestigial primordium is often found in the position of the petal/stamen primordium, as already reported by Ronse De Craene & Wanntorp (2006) .
It is difficult to decide if the sepals of Gunnera are external to the petals. Sepals were depicted as external to the petals in the floral diagram by Eichler (1878) and adopted by Schindler (1905; see also Drinnan et al., 1994) . Our results show that sepals and petals arise from the same radius ( Figs 3G-M , 4A-G, 5B, C, E-K), in agreement with Baillon (1877) , who pointed out that sepals and petals are located on the borders of a 'receptacle'. However, petals are always initiated after a relatively long plastochron following the initiation of the sepals. Furthermore, unlike other early divergent eudicots (e.g. Proteales, Trochodendrales, Sabiaceae/Didymelaceae and Myrothamnaceae), Gunnera flowers do not show morphological homogenization between adjacent members of the perianth (i.e. between a sepal and a petal); sepals are often more elaborate because of the numerous finger-like colleters on their margins and the presence of a basal hydathode (Figs 4A-C, E-L, 5J, K, N-R, 7B-I). In contrast, petals have fewer elaborations as shown by the small number of marginal and apical finger-like colleters (Figs 4A-D, 5F-J, 7A, J-K). Gunnera macrophylla is exceptional in that the petals are more elaborate; they are larger than the sepals and possess an apical hydathode and abundant indumentum ( Fig. 6G-H) . Sepals in this species are less differentiated and the epidermis is less elaborate, although with stomata (Fig. 6G) . Thus, petal and sepal identities are differentiated in Gunneraceae, a frequent feature of core eudicot flowers.
We confirm the presence of floral hydathodes in Gunnera suggested initially by Ronse De Craene & Wanntorp (2006) . The hydathodes on the sepals (not previously reported in flowers) are structurally similar to those described in the leaves of Gunnera by Napp-Zinn (1973) and Wilkinson (2000) . Anatomically, floral hydathodes in G. pilosa (Fig. 7B-I ) and the remaining species of subgenus Panke examined (not shown) exhibit the typical epithem, tracheids and water pores. Furthermore, we have observed several Nostoc-like filaments near the guard cells of these hydathodes. If these structures correspond to Nostoc, it is likely that young sepals become infected during early phases of inflorescence development because the inflorescence primordia are embedded in the Nostocrich mucilage. If this is the case, this would be a mechanism for Nostoc to disperse throughout the whole fruit, as the bases of sepals (mostly occupied by the hydathodes) are persistent in the fruit. Early Nostoc infection occurs through two special glands found near the two expanded cotyledons on the seedling (Mora-Osejo, 1984; Bergman, 2002) , but the specific mechanisms and the presence of the cyanobacteria near the Gunnera seedlings are not yet understood (Bergman, 2002; Osborne & Sprent, 2002) . Our observations provide an alternative scenario that explains early infection, because if the sepal hydathodes (which persist until fruit development) carry Nostoc, the seedlings would be in early contact with a Nostoc-rich environment. This possible mechanism of Nostoc dispersal and the subsequent phases of early infection are under study.
Floral reduction along each partial inflorescence in subgenus Panke affects mostly petals and stamens (Figs 4, 5, 8) , perhaps because these organs arise from a common primordium. This is in agreement with the statement that petals and stamens in Gunnera are 'genetically correlated, while sepals and carpels are not' (Wanntorp & Ronse De Craene, 2005: 950) . This is also concordant with the fact that petals are well developed and usually larger than the sepals in corresponding male or bisexual flowers, but extremely reduced or lacking in female flowers of, for example, G. cordifolia Wanntorp, 2006) . Our results on subgenus Panke also show that petals are more likely to become lost ontogenetically than the stamens. The sepals are almost always present but subject to unequal development (Figs 4H, L, 5E, R) and the carpels are always present. The petal and stamen identity seems to be mediated by the action of B-class genes (Coen & Meyerowitz, 1991; Kim et al., 2004) , so it is possible that changes in these genes in Gunnera could be associated with the simultaneous reduction in these two whorls. If this proves correct, the petal/stamen whorls of Gunnera could be proposed as a floral module or unit directly influenced by the action of these genes. In order to test this hypothesis, it would be necessary to compare B-gene copies (from the TM6 and euAP3 lineages) extracted from different floral morphs along the partial inflorescence in Gunnera and to trace a potential association between gradual 276 F. GONZÁLEZ and M. A. BELLO petal-stamen reduction and specific gene copy changes/particular duplication events. TM6 representatives from Gunnera have already been characterized (Kim et al., 2004; Kramer et al., 2006) and duplication events of B-class genes (APETALA 3/PISTILLATA) and of APETALA 1, AGAMOUS and SEPALLATA previous to the core eudicot diversification have also been proposed for testing potential association between main gene duplications/ frameshift events and the origin of morphological features of the core eudicot flower (Wu et al., 2008) . Thus, previous phylogenetic and genetic approaches are available to continue the research into core eudicot floral evolution, in which Gunnera and its relatives could play a pivotal role.
FLORAL CONSTRUCTION IN GUNNERALES AND OTHER EARLY DIVERGING EUDICOTS
Members of the grade of early divergent eudicots between ranunculids and the core eudicots (sensu Soltis et al., 2000 and APG II, 2003 ) exhibit a high degree of variation in reproductive characters (Table 2) , including dioecy to monoecy, merosity (e.g. number of stamens in Buxaceae or Trochodendrales; number of carpels from one in Proteaceae up to 30 in Nelumbonaceae), presence or absence of single/double perianth, phyllotaxis (whorled or spirally arranged) and position of the ovary (superior to less often inferior ovary, a condition apomorphic for Gunneraceae). It has been suggested that such lability could represent an 'experimental phase' in floral evolution before canalization of a perianth with sepals and petals in core eudicots (von Balthazar & Endress, 2002a) , which makes the interpretation of floral evolution in this angiosperm clade difficult (Drinnan et al., 1994; Magallón, Crane & Herendeen, 1999; von Balthazar & Endress, 2002a, b; Soltis et al., 2005) . For instance, Drinnan et al. (1994) recognized that delimitation of the flower in groups such as Buxaceae and Myrothamnaceae is unclear because of a gradual transition between tepals and bracts, a process that occurs in parallel in the ranunculids. These authors agree that the basic floral bauplan in all eudicots consists of dimerous, trimerous or tetramerous (and then decussate) flowers with an undifferentiated perianth. The decussate (tetramerous) pattern is found in ranunculids, Proteales, Trochodendrales and Buxaceae (male flowers), whereas a trimerous arrangement occurs in, for example, male flowers of Platanaceae (von Balthazar & Endress, 2002b) . However, along the grade between ranunculids and the core eudicots (Table 2) , disymmetric, dimerous flowers with stamens opposite the innermost members of the perianth are common (Drinnan et al., 1994; Magallón et al., 1999; von Balthazar & Endress, 2002a) . Flowers of Gunneraceae show both these conditions, the petals are distinct from sepals and stamens and carpels are always opposite petals.
The origin of pentamery in early diverging eudicots (common in ranunculids, but rare in members of Sabiaceae, Buxaceae and Berberidopsidales) is difficult to interpret, because it has evolved independently several times (Drinnan et al., 1994; von Balthazar & Endress, 2002a; Soltis et al., 2003; Wanntorp & Ronse De Craene, 2005 . Pentamery seems to be canalized just after the node to Gunnerales (Soltis et al., 2005) and can be achieved via a switch from a spiral phyllotactic bisexual flower to a flower with two whorls of perianth members, two whorls of stamens and one whorl of carpels (e.g. in Berberidopsidales; Ronse De Craene, 2004 . Although not a plausible explanation, the only observation that could link the dimerous flowers of Gunneraceae with the tetramerous or pentamerous flowers in core eudicots is the occasional occurrence of terata found in some lateral flowers, in which up to four sepals and four petals and/or stamens can be identified alternating with the sepals (Fig. 5C, D) . The atypical development of three petals per flower in Gunnera was previously reported by Baillon (1877) and Jonas (1892). However, these terata are probably formed by a fusion of two adjacent floral primordia, rather than by a genetically fixed programme in an individual floral apex.
The evolution of floral gender in the grade between ranunculids and the core eudicots is also difficult to interpret, but when unisexual flowers occur, these often have rudiments of the missing gender (Table 2) . Bisexual flowers (most likely the plesiomorphic condition for eudicots) occur in most ranunculids, Proteales, Trochodendrales, Berberidopsidaceae, Gunneraceae and Sabiaceae. Unisexual flowers are common in Buxaceae/Didymelaceae, Myrothamnaceae, a few Gunneraceae and Aextoxicaceae and they are likely to have evolved independently several times in each of these lineages (and even inside Gunneraceae; see above). Soltis et al. (2003) suggested that sepals of Gunneraceae could be two bracteoles forming a cupule around the ovary. Thus, petals would have to be considered as sepals and petals would be missing. However, stamens opposite tepals are not uncommon in other members of the grade (e.g. Proteaceae, Buxaceae and Sabiaceae; Table 2 ). The bracteolar identity of these appendages in Gunneraceae is unlikely because they remain structurally integrated with the flower during subsequent stages of floral development, a behaviour associated with sepals rather than bracteoles. It would also be difficult to explain the epigynous position of sepals if they were interpreted as 'bracteoles'. Furthermore, there is no evidence of a double system of vascular traces along the hypanthium. In Gunnera, the dimerous condition of sepals, petals and stamens appear to be comparable with that found in, for example, Buxaceae (two decussate dimerous tepal whorls and, perhaps, petals and stamens arising from a common primordium) rather than the condition found in Proteaceae (in which the tetramerous floral organs arise helically). Petals, stamens and carpels in Gunnera are located in the same plane as in Sabiaceae and, to some degree, in Proteaceae (Wilkinson & Wanntorp, 2007) . In the particular case of Gunneraceae flowers, the opposite position of stamens and petals could be the result of each petal and its corresponding stamen developing from a common primordium, which is likely to be controlled by the same developmental programme.
CONTRIBUTION OF THE MORPHOLOGY TO SUPPORT THE SISTER-GROUP RELATIONSHIP BETWEEN GUNNERACEAE AND MYROTHAMNACEAE
According to molecular phylogenetic trees, Gunneraceae and Myrothamnaceae are sister families (Drinnan et al., 1994; Nandi et al., 1998; Qiu et al., 1998; Soltis et al., 2000) . A competing hypothesis places Gunneraceae as sister to Saxifragaceae (Huber, 1963; Fuller & Hickey, 2005) . In both scenarios, however, the tendency has been to emphasize the apparently strong morphological differences between Gunneraceae and Myrothamnaceae (Hoot et al., 1999; Magallón et al., 1999; Wilkinson, 2000; Fuller & Hickey, 2005) rather than to search for potential structural synapomorphies. Gunneraceae are herbs with polystelic axes, spirally arranged leaves, mostly monoecious and with bisexual flowers, two stamens, pollen shed in monads, an inferior and uniovulate gynoecium without any trace of pollen tube transmitting tissue, a Gunnera-type embryo sac (Nikiticheva, 2002 ; probably equivalent to the Peperomia-type, a question currently under investigation), and drupaceous fruits. In contrast, Myrothamnaceae are dioecious shrubs with siphonostelic axes, opposite leaves, strictly unisexual flowers of labile merosity (stamens vary from 3-8), pollen shed in tetrads, a superior, many-ovulate and largely plicate gynoecium formed by 2-4 carpels with ventral slits along the styles, pollen tube transmitting tissue, the ovary cavity filled with secretion and the carpel surface with oil cells, Allium-type embryo sac and ventricidal capsules. A further complication comes from the uncertain homology of the scale-like perianth in Myrothamnaceae, as they have been considered hypsophylls (Jäger-Zürn, 1966) , bracts (Dahlgren & van Wyk, 1988; cf. also Endress, 1989b) , tepals (Kubitzki, 1993) or sepals 'in the state of being lost in this wind-pollinated group' (Dahlgren & van Wyk, 1988: 14) . In any case, Myrothamnaceae flowers lack petals (Puff, 1978; Mendes, 1981; Endress, 1989b; Drinnan et al., 1994) , which might well be apomorphic for the family. However, during the course of this study, we have found several morphological characters in common between Gunneraceae and Myrothamnaceae. In order to challenge all the differences mentioned above (most of which could be autapomorphic), we propose here the following potential morphological synapomorphies to support the sistergroup relationship between these two families, so far based only on DNA sequence data:
1. Hydathodes on the leaves. Grundell (1933) and Puff (1978) pointed out the presence of hydathodes on the leaf teeth of Myrothamnaceae, which resemble those found in Gunnera (compare our Fig. 6I with Puff, 1978: fig. 4C ; Endress, 1989b: fig. 10.2; Carlquist, 1990: fig. 16; Wilkinson, 2000: fig. 47 ). Presence of hydathodes on leaves in both families becomes an important shared feature, because they live in extremely different environments in terms of humidity. The two species of Myrothamnaceae grow in extremely dry areas of south-eastern Africa and Madagascar, whereas all Gunneraceae grow in wet habitats. 2. Young leaves of Gunnera (e.g. G. magellanica; Fig. 6I ) resemble the flabellate-plicate leaves with toothed margins on the distal half in Myrothamnus reported by Grundell (1933) , Puff (1978) , Mendes (1981) , Dahlgren & van Wyk (1988) and Carlquist (1990) among others. 3. Special mucilage cells on the leaves. Myrothamnus leaves possess mucilage cells towards both surfaces but more frequent on the upper surface. These cells are enlarged, inflated, thin-walled and filled with resins and appear to play a role on the tolerance to strong dessication, i.e. the 'resurrection properties' described by Puff (1978; see also Dahlgren & van Wyk, 1988) . Despite growing in mesic habits, similar cells are found on leaves of Gunnera (F. González, pers. observ.; see also Wilkinson, 2000; Matthews & Endress, 2006) . A careful comparative anatomical study based on the same methodologies (i.e. resin sectioning followed by Matthews & Endress, 2006) of Myrothamnus leaves and flowers is needed in order to examine the structural homology with Gunneraceae. 4. Stipules or stipule-like organs. Gunneraceae and Myrothamnaceae possess stipules or stipule-like organs. The two lateral stipules and the ligule on the adaxial base of the petiole ('Kapuze' sensu Puff, 1978) in Myrothamnus might be homologous to one (or more) of the following structures in Gunnera:
(1) the tooth-like sheath lobes present in foliage leaves of G. herteri (Rutishauser et al., 2004) ; (2) the opposite cataphylls present in species of subgenera Milligania and Pseudogunnera (Skottsberg, 1928 (Skottsberg, , 1930 Wanntorp, Wanntorp & Rutishauser, 2003) ; (3) the ligule at least in G. macrophylla (Skottsberg, 1930) , (4) the ochrea in the species of subgenus Misandra (Wanntorp et al., 2003) ; or (5) the complex lepidophylls in the species of subgenus Panke, interpreted as stipules (Reinke, 1873; Berckholtz, 1891; Schnegg, 1902; Goebel, 1905; Glück, 1919 , among others), intravaginal scales (Troll, 1939) or cataphylls or scale leaves (Skottsberg, 1928; Mora-Osejo, 1984 , 1995 Mora-Osejo et al., 2009; Wanntorp et al., 2003) . 5. Presence of a terminal flower on each partial inflorescence. The dioecious Myrothamnaceae have catkin-like inflorescences, interpreted as botryoids, because of the presence of a terminal flower in both male and female inflorescences (Jäger-Zürn, 1966; Endress, 1977; Puff, 1978; Dahlgren & van Wyk, 1988) . 6. Latrorse anthers, most probably related to the occurrence of wind pollination in both families (F. González, pers. observ.; see also Puff, 1978; Dahlgren & van Wyk, 1988; Lowrey & Robinson, 1988; Endress, 1989b; Hufford & Endress, 1989; Wilkinson & Wanntorp, 2007) .
In addition, Gunneraceae and Myrothamnaceae share the following suite of characters: ranunculaceous stomata (cf. Metcalfe & Chalk, 1950) ; silica (SiO 2) bodies in axes and/or leaves (cf. Nandi et al., 1998) ; druses ( Fig. 7E ; cf. also Metcalfe & Chalk, 1950; Takhtajan, 1997) ; synthesis of ellagic acid, flavonols and tannins (cf. Takhtajan, 1997; Nandi et al., 1998; Soltis et al., 2005) ; basifixed anthers with a connective protrusion (F. González, pers. observ.; cf. also Endress, 1989b) ; and formation of a copious and oily endosperm (cf. Takhtajan, 1997) .
Differences in habit and other characters between these two families might well be correlated to the long divergence between them, the occupancy of extremely different habitats and the presence of the Nostoc endosymbiosis in Gunneraceae. However, in the light of the sister group between Gunnera and Myrothamnus, the possible occurrence of endosymbiosis between the latter genus and Nostoc is worth investigating. The minimum age for Gunneraceae has been calculated to be between 89.5 and 91 Mybp (Jarzen & Dettmann, 1989; Magallón et al., 1999; Anderson, Bremer & Friis, 2005) and this age is consistent with an explanation of an early divergence between Myrothamnaceae/Gunneraceae, probably as a result of vicariance after the separation of Africa/Madagascar (where the two disjunct species of Myrothamnus grow) from the rest of Gondwana. However, Nostoc endosymbiosis is well known to affect drastically nitrogen fixation and other processes that are correlated to biomass in Gunnera (see review by Rai, Söderbäck & Bergman, 2000 , among others) and raises the question of possible occurrence of horizontal gene transfer (HGT) between Nostoc and Gunnera. HGT involving Nostoc at least has been reported with the apicomplexan Cryptosporidium (Huang et al., 2004) . Therefore, the possible effects of HGT on the phylogenetic relationships of Gunneraceae should not be ruled out and deserve further investigation.
Finally, the extreme individual floral variation in the species of Gunnera subgenus Panke has taxonomic implications, as the shape of sepals, petals and stamens have been suggested as diagnostic for Gunnera species (Mora-Osejo, 1984 , 1995 Mora-Osejo et al., 2009) . We recommend the comparison of these organs only in terminal flowers to discriminate species, because these flowers have all four whorls, and because their organs reach their maximum development (Figs 3L, 4A-D, 5F-I).
CONCLUSION
The floral bauplan of Gunneraceae (dimerous, disymmetric, bisexual, epigynous, with two sepals alternating with two petals, which in turn, are opposite two stamens and two carpels) is clearly represented at least by the terminal flower of each partial inflorescence in the species of subgenus Panke. Such a bauplan is ontogenetically variable (in, for example, an individual inflorescence in members of subgenus Panke) and phylogenetically (ranging from unisexual flowers with no perianth in the early divergent G. herteri to unisexual flowers often with petals at least in the male flowers). Floral unisexuality is common but likely to have evolved independently several times within Gunnera. Type I unisexual flowers are far more common than Type II unisexual flowers; our observations in species of subgenus Panke clearly show the presence of bisexual, Type I and Type II unisexual flowers in a basipetal gradient along each partial inflorescence.
The initiation of floral primordia along the inflorescence in the species of subgenus Panke examined proceeds acropetally, but ends up with the formation of a terminal flower, which is not a peloric TFLS but a true flower that represents the bauplan for the family. The order of ontogenetic reduction in flowers of subgenus Panke is basipetal and proceeds in the direction petals > stamens > sepals > carpels and causes a gradual switch from disymmetric and bisexual flowers to often monosymmetric and female flowers. Morphological identity of sepals and petals in Gunneraceae is already fixed in the family and it is evident, especially by their timing of initiation, the relative position between them, the overall shape, function and level of abscission of sepals vs. petals and the formation of hydathodes (found mainly in sepals and probably playing a role in Nostoc infection). Abortion of petals is strongly correlated with that of stamens, probably as a result of the same genetic programme affecting the common primordium; thus, petals are often well developed in bisexual flowers.
Most of the floral lability within Gunneraceae also occurs among members of the grade between ranunculids and the core eudicots; however, no clear evidence of the origin of pentamery below or within Gunnerales exists. Despite the marked ecological and morphological differences between Gunneraceae and the sister family Myrothamnaceae, potential synapomorphies between them are the presence of hydathodes and mucilage cells on the fan-shape, toothed leaves, stipules or stipule-like organs, terminal flowers and latrorse anthers.
